Background: Short-chain fatty acids (SCFAs) liberated by fermentation of complex carbohydrates might stimulate water and salt absorption, and provide energy. The aim of the study was to assess the number and proportion of faecal bacteria and the concentration of SCFAs of severely malnourished children with cholera receiving oral rehydration solution (ORS) containing glucose, amylase-resistant starch (ARS) or rice. Methods: Serial faecal samples were collected from 30 malnourished children with cholera until rehydration and partial nutritional recovery. SCFAs were identified and quantitated by high-performance liquid chromatography. In situ hybridization combined with flow cytometry was used to analyse the microbiota in the faeces. Results: Before treatment the concentration of total SCFA in faecal sample of cholera children was found to be 4.7±0.6 mmol/kg and it increased steadily until 95.0 ± 8.7 mmol/kg at day 28. Among different ORS groups, concentration was significantly higher in the Rice-ORS group at day 1 (Po0.011) and at day 2 (Po0.025). During recovery faecal output was significantly reduced and the number of bacteria also increased faster in the Rice-ORS group than in the glucose-ORS group at day 1 and day 2 (Po0.01), and a modest increase in bacterial number was observed in the glucose-ORS plus ARS group (day 1, P ¼ 0.07; day 2, P ¼ 0.09). Conclusion: Clinical recovery was associated with an increase in bacterial and SCFA concentrations with all three carbohydrates in ORS. However, the increases were significantly higher in children receiving Rice-ORS.
Introduction
Oral rehydration solution (ORS) is the recommended treatment for dehydration in children with acute diarrhoea (World Health Organization, 2009a) . It is composed of water and electrolytes to replace the stool losses that cause dehydration. In addition, carbohydrate is added to stimulate sodium and therefore water absorption in the small intestine. Initially, glucose was the first carbohydrate to be used (Desjeux et al., 1994) . Then, rice (Molla et al., 1982; Gore et al., 1992; Desjeux et al., 1994; Dutta et al., 2000) and more recently amylase-resistant starch (ARS) (Ramakrishna et al., 2000 Raghupathy et al., 2006) added to glucose ORS has proven to be more effective than glucose ORS without ARS.
Production of SCFAs from unabsorbed complex carbohydrates in the colon is of particular interest to children with malnutrition and diarrhoea. They could both stimulate water and electrolytes absorption and bring a complement of energy (Roediger, 1986; Binder and Mehta, 1989; Roediger, 1994; Cummings and Macfarlane, 1997; Krishnan et al., 1999) . However, the basis for such a mechanism requires the presence of metabolically active bacteria in the colon. In malnutrition as well as in diarrhoea the number, biodiversity and function of the bacteria are altered (Ramakrishna et al., 2000; Balamurugan et al., 2008; Alam et al., 2009 ). In addition, antibiotics are often used in the initial phase of treatment of malnutrition and cholera (World Health Organization, 2009a, b) .
Thus the aim of the study was to identify and quantify the faecal bacteria and SCFA concentrations during the rehydration and nutritional recovery periods of severely malnourished children with cholera receiving ORS containing glucose, glucose plus ARS or rice. Here, we present the results of a subgroup of patients included in a larger clinical trial already published (Alam et al., 2009 ). (Alam et al., 2009; World Health Organization, 2009b) . A total of 175 patients were included in the clinical study. After 100 patients were enrolled in the parent study, the next 30 patients were recruited following the same procedure. In this subset of 30 patients, faecal samples were collected from each patient on day 0 (immediately after admission and before administration of any medication), day 1 (after 24 h), day 2, day 3, day 7, day 21 and day 28. The children received one of the three ORSs containing either 90 mmol/l glucose (Glucose-ORS), 50g/l ARS in addition to 90 mmol/l glucose (ARS-ORS), (RS2, High-amylose maize starch, Hi-maize; Starch Australasia Limited, 170 Epping Road, Lane Cove, NSW 2066, Australia) or 50g/l rice (Rice-ORS, cooked and prepared according to standard procedure at ICDDR, B). No glucose was added in Rice-ORS. As a standard management, they also received the usual antibiotic therapy that is, parenteral ampicillin at a dose of 100 mg/kg plus gentamycin at a dose of 5 mg/kg in four to two equally divided doses, for 5 days. All patients received erythromycin for cholera at a concentration of 12.5 mg/kg per dose every 6 h for 3 days. For comparison, faecal samples were collected from 11 severely malnourished children (weight for height p70%) without cholera from a slum area in Dhaka city and from six healthy children (weight for height X100%) of the ICDDR, B staff. These children resided at their home, did not present with diarrhoea and did not take antibiotics during the last two months.
Methods

Subjects
Extraction and purification of total SCFAs SCFAs were extracted from faecal samples using diethyl ether as described elsewhere (Guerrant et al., 1982) and measured by high-performance liquid chromatography. The highperformance liquid chromatography equipment used was composed of a pump (LC-10AT, VP Liquid Chromatograph; Shimadju Corp., Kyoto, Japan), a detector (SPD-10AV, UV-Vis Detector; Shimadju Corp.) and an integrator (Chromatopac, C-R6A; Shimadju Corp.). The chromatograph was equipped with an Aminex HPX-87H cation-exchange column (300 by 7.8 mm) for organic acids (125-0140; BioRad Laboratories, Richmond, CA, USA), a Micro-Guard column (125-0129; Bio-Rad) and a holder (125-0131; Bio-Rad).
Cell fixation, permeabilization and fluorescent in situ hybridization The faecal samples were fixed by paraformaldehyde, 4% (wt/vol) in phosphate-buffered saline (PBS, pH 7.2), for overnight at 4 1C and cells were harvested by centrifugation at 12 000 r.p.m. for 3 min. The cells were washed twice with PBS, pelleted again and resuspended in cold PBS/ ethanol (50:50) in a ratio of 1:1 and stored at À201 until further utilization for in situ hybridization (Rigottier-Gois et al., 2003) .
A 50-ml volume of fixed suspension was permeabilized by lysozyme, 1 mg/ml (Sigma, St Louis, CA, USA), for 10 min at room temperature. Cells were washed in PBS and equilibrated in (i) 400 ml of hybridization solution (900 mm NaCl, 20 mm Tris-Cl, pH 8.0, 0.01% SDS, 30% formamide) for enumeration of bacterial number and (ii) in 650 ml of hybridization solution during identification of bacterial proportion using specific probes.
For enumeration, 200 ml of cell suspension were taken in each of two flow cytometry tubes. In one tube, 10 ml of fluorescent particle suspension (High-Intensity Alignment Grade Particles, 6.0 mm; Polysciences, Eppelheim, Germany) and 2.5 ml of propidium iodide (1 mg/ml) were added and in another tube only 2.5 ml of propidium iodide was added. The concentration of the 'fluorescent particle suspension', which was added to 200 ml of cell suspension, was 94 particles per microlitre. The fluorescent particle solution was used to get a particle number in the same volume of liquid, which contained both bacterial cells and the particle, which passed through the laser beam at a time. Propidium iodide was used to stain the DNA material of the bacterial cell to enumerate them. After waiting for 10 min data acquisition was performed by flow cytometry (Magne et al., 2008) . Data acquisition was performed using a FACS Calibur flow cytometre (Becton Dickinson, Franklin Lakes, NJ, USA) equipped with an air-cooled argon ion laser providing 15 mW at 488 nm combined with a 635 nm red-diode laser. All the parameters were collected as logarithmic signals. The rate of events in the flow was generally 7000 events per second. With faecal suspensions, a total of 100 000 events were stored in the list modes files. Falcon tubes containing the processed sample were touched one by one to the tip of the sample-taking device (sip) in the FACS machine and a portion of the liquid was withdrawn. Data were viewed on the computer monitor immediately after calculation using the parameter suitable for microbiological analysis. As we know the fluorescent particle number in the cell suspension before and after running the sample through the flow cytometre, we calculated the volume of liquid, which passed through the flow cytometre. At the same time bacterial number was obtained in the same volume of liquid from which bacterial concentration was calculated using the Falcon tube. A back calculation was performed by multiplying the dilution factor and finally bacterial concentration was obtained in 1 g of faeces.
For bacterial group identification, the probe sequences and targeted groups are presented in Table 1 . Among them all the bacterial groups are strictly anaerobic except Enterobacteriaceae. These are the most dominant bacteria of human faeces analysed so far by in situ hybridization. Control probes and bacterial group-specific probes were labelled by fluorescein isothiocyanate and indodicarbocyanine (Cy5), respectively (Magne et al., 2008) . Eub 338 probe and Non-Eub 338 probe were used as positive control and negative control, respectively. Eub 338 probe is the universal bacterial probe, which binds with the all type of bacterial cells and Non-Eub 338 does not bind with any bacterial cell. Eub 338 probe was used to know the total number of bacterial cells in a sample. Hybridization was performed in a 96-well microtitre plate (stationary) for overnight at 35 1C using a hybridization solution containing 4 ng/ml of the appropriate labelled probe(s). After hybridization, 150 ml of hybridization solution was added in each well and the cells were pelleted at 4000 Â g for 15 min. Nonspecific binding of the probe was removed by incubating the bacterial cell suspension at 37 1C for 20 min in a washing solution (64 mm NaCl, 20 mm Tris-HCl, pH 8.0, 0.01% SDS). Cells were finally pelleted and resuspended in 200 ml PBS (pH 7.2) for data acquisition.
Reference bacterial strains specific to each probe, for example, Escherichia coli (CIP 54.8T), Ruminococcus gnavus (ATCC 29149), Bacteroides vulgatus (CIP 103714T), Faecalibacterium prausnitzii (ATCC 27766), Bifidobacterium breve (CIP 64.69T), Collinsella aerofaciens (ATCC 25986) and Lactobacillus acidophilus (CIP 76.13T) were used to check the hybridization steps and probe specificity.
Statistical analysis
All clinical and biological data, including the main variables of stool weight, number and proportion of microbiota, and SCFA concentration were entered into a personal computer using a statistical package (SPSS version 11.5; LEAD Technologies Inc., Charlotte, NC, USA). Differences between groups and time periods were analysed for significance using one-way analysis of variance and repeated-measure analysis under general linear model (GLM). Univariate and multivariate analysis were performed for within-subject effects and between-subject effects, respectively. Least significant difference was used as post hoc analysis for multiple comparisons. Data are presented as mean±s.e.
Results
Main clinical characteristics
The main clinical characteristics of the 30 patients at inclusion and control children are presented in Table 2 . They were comparable among the different ORS groups and did not statistically differ from the other 145 patients included in the parent clinical study (Alam et al., 2009; World Health Organization, 2009a) . Faecal output was significantly lower in patients receiving Rice-ORS as compared with those receiving Glucose-ORS at day 1 and day 2 (P ¼ 0.016, P ¼ 0.025); the effect of ARS was intermediate ( Figure 1a) . The duration of diarrhoea between groups was not significantly different, with an average time of 72 h. They all recovered from malnutrition to attain 80% of the median weight for length with a mean time of 7.15 ± 2.2 days, with no difference between groups.
SFCA concentration
In acute cholera stage (day 0), the total concentration (mean±s.e.) of SCFAs was only 4.7±0.6 mmol/kg in all 30 children with cholera. The concentration began to increase Lactobacillus-Enterococcus group GGT ATT AGC A(C/T) C TGT TTC CA S-*-Lacto-0158-a-A-20 Harmsen et al. (1999) Abbreviation: OPD, Oligonucleotide Probe Database. All the bacterial groups are anaerobic, except the Enterobacteriacae family (facultative anaerobic).
Faecal SCFAs and microbiota in children S Monira et al significantly (Po0.01) from day 1 until the end of the study (Figure 2a ). At day 3 (during cessation of cholera), day 7 (after completion of antibiotic) and day 28 (after 1 month of the cholera episode), the concentrations were 30.9 ± 4.3, 51.7 ± 7.1 and 95.0 ± 8.7 mmol/kg, respectively. The concentrations in healthy and malnourished children were 102.0 ± 14.4 and 70.6 ± 38.9 mmol/kg, respectively. Among different ORS groups, the concentration was significantly higher in the Rice-ORS group than that in the other groups at day 1 (rice vs ARS vs glucose: 22.8 ± 4.9, 10.1 ± 1.9, 9.1 ± 2.2 mmol/kg; Po0.011) and at day 2 (rice vs ARS vs glucose: 23.1±3.9, 16.8±2.8, 9.8±2.6 mmol/kg; Po0.025).
The concentration of individual SCFAs during acute cholera stage (day 0) was significantly lower than that in the malnourished and healthy condition (Po0.01) (Figure 3 ). During treatment of cholera, only acetic acid concentration was found to be significantly higher (Po0.05) on different days in children of the Rice-ORS group as compared with that in other ORS groups (Figure 4 ).
Number of bacteria in faecal sample
Before treatment, the number of bacteria (Figure 2b ) was very low in acute cholera stool (mean ± s.e.: 7.9 ± 0.1 log 10 /g). The number increased with time and reached to 9.5 ± 0.03 log 10 / g at day 28. This increase was still significantly lower than that in the healthy control group (10.0±0.1 vs 9.5±0.03 log 10 /g; Po0.01). Compared with healthy children, the total bacterial number was also lower in malnourished children without cholera (9.6±0.08 log 10 /g; Po0.01). Among the different ORS groups, the number of bacteria increased significantly faster in the Rice-ORS group as compared with that in the Glucose-ORS group at day 1 and day 2 (Po0.01). The bacterial number was intermediate in the Glucose-ORS plus ARS group from day 1 to day 7 and the difference was not significantly higher than that in the glucose or lower than that in the rice group at any time point (Figure 2b ).
Proportion of different bacterial groups in total faecal microbiota
The proportion of total identified bacteria varied between groups: in malnourished children with cholera, it was 40 ± 5% (mean ± s.e.) at day 0, whereas it was 88 ± 5% (not compared) in healthy children. The proportion in healthy children was significantly higher when compared with that in the malnourished children with cholera at day 28 (60 ± 5%) and malnourished children without cholera (53±9%) (Po0.01). Among the six anaerobic bacteria, in acute cholera (day 0) the Enterobacteriaceae family was found significantly higher (Po0.05) and Bifidobacteria was significantly lower (Po0.01; Table 3 ), when compared with that in malnourished children without cholera, with no difference otherwise. The proportion of Clostridium coccoides was significantly higher in healthy children as compared with that in malnourished children (without cholera) (Po0.01; Table 3 ).
Among children with cholera, the proportion of all bacteria tested decreased significantly (Po0.01) at day 1 except for Enterobacteriacae, which increased approximately nine-fold (data not shown). From day 2 the anaerobic bacterial population started to increase except for Enterobacteriaceae, whose population showed a decrease. At day 3, all bacteria significantly decreased (Po0.03) with time as indicated by GLM with repeated measures except for Bifidobacterium, Atopobium, Bacteroides and Lactobacillus. No difference was observed between different ORS groups for any bacterial proportion by GLM multivariate analysis. No significant day * group interaction was found at day 3 (data not shown).
Quantity of bacteria and SCFAs excreted in stools
As faecal weight and concentration of bacteria and SCFA were measured, we calculated the quantity excreted in the first 3 days (Figure 1 ). No increase with time was observed in both quantities in all 30 cholera-affected children: the quantities of bacteria excreted by day were 11.1±0.2, 11.3±0.2 and 10.8±0.2 log 10 /day at day 1, 2 and 3, respectively. The quantities of total SCFA excreted by day were 45.5±9.6, 30.6±6.7 and 22.5±6.1 mmol/day, at day 1, 2 and 3, respectively. No significant difference was observed between groups. Values at inclusion are expressed as mean ± s.d. N is the number of children. Only the children with cholera received ORS with Glc, Glc þ ARS or rice. The age was not statistically different between groups. The weight and height parameters were different between well-nourished and malnourished children (Po0.001).
Discussion
As expected in our group of children with severe malnutrition and cholera, bacterial number and SCFA concentrations were very low in the stools. Similar results were also observed in some other studies (Ramakrishna et al., 2000; Balamurugan et al., 2008; Alam et al., 2009) . Clinical recovery was associated with a striking increase in the concentrations of bacteria and SCFAs with time. The increase was observed with all three carbohydrates; it was faster with rice. However, the quantity of SCFA and bacteria did not change with time or the nature of carbohydrate used. In addition, recovery was associated with a typical pattern of bacteria and SCFAs in stools. Table 2 . Both concentrations increased with time from day 1, as indicated by GLM for repeated measurements (Po0.01). (*) indicates significantly greater values for Rice-ORS as compared with that for Glucose-ORS (Po0.05) as determined by univariate GLM analysis. At day 28, the SCFA concentration of the Rice-ORS group was significantly greater than that for malnourished children and the concentration of bacteria was greater for healthy children than that for all the other children (Po0.01). GLM, general linear model; ORS, oral rehydration solution; SCFA, short-chain fatty acid.
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Although the number of patients was only 30, they represented the large group of 175 children that was included in the clinical trial (Alam et al., 2009) . Thus each patients included in this study could benefit from accurate data collection. Measurement of total stool losses allowed determining actual losses of SCFA and bacteria in terms of concentration and quantity. Obviously, different interpretations can be proposed to explain the beneficial clinical effect of Rice-ORS if we consider excreted concentrations or quantities.
The number of bacteria and SCFAs in stools are only proxy markers of the metabolic activity in the different parts of the Faecal SCFAs and microbiota in children S Monira et al colon. It is well established that SCFAs produced in the colon are essentially absorbed locally (Scheppach, 1994; Topping and Clifton, 2001) . Nevertheless, the low concentrations of bacteria and SCFAs observed in the acute phase of high stool output are likely to represent the colonic status. It is unlikely that such a low stool concentration of bacteria and SCFAs reflected a normal concentration in the colon. The repeated measurements during the rehydration and nutrition periods on the same children for 28 days reflected the changes with time. However, we did not document an increase in the quantity of bacteria and SCFA excreted in the stools. Thus, it is difficult to find only one explanation for the beneficial effect of Rice-ORS: one explanation would be that rice increased the local colonic concentration of SCFA, which in turn stimulated water absorption and reduced stool output (Argenzio and Whipp, 1979; Roediger and Moore, 1981; Binder and Mehta, 1989; Ramakrishna and Roediger, 1990) . Alternatively, stool output may have been reduced by another mechanism as suggested in previous studies (Macleod et al., 1995; Mathews et al., 1999; Dutta et al., 2000; Murphy et al., 2004; Gregorio et al., 2009 ), which in turn may have increased the SCFA concentration in the stools.
The pattern of SCFAs was close to what could be expected from the bacterial pattern. It might be due to presence of a higher proportion of the Bacteroides sp. and Bifidobacteria sp. in the Glucose-ORS plus ARS group and the Rice-ORS group, and from Lactobacillus sp. in Glucose-ORS group. It is evidenced from some recent studies that Bacteroides sp. and Bifidobacteria sp. can stay concurrently. Biofilm analysis of the human gut by confocal laser-scanning microscopy showed bacterial populations strongly adhering to particulate matter predominated by Bacteroides sp. and Bifidobacteria sp. (Macfarlane et al., 2006) . Studies with a gnotobiotic mouse model showed that Bacteroides sp. acquired an expanded level of capacity to degrade diverse polysaccharides when cooperated by Bifidobacterium and Lactobacilli (Sonnenburg et al., 2006) . In an in vitro co-culture fermentation study it has been showed that Bifidobacterium sp. preferentially degrade shorter length of oligosaccharides to acetate, lactate, formate, ethanol and to some extent succinate (Falony et al., 2006) . This characteristic of Bifidobacterium sp. might explain its higher average proportion in the patients of the Rice-ORS group (Van Amelsvoort and Weststrate, 1992) .
The present results may explain the clinical discrepancies observed in the previous studies. In previously published clinical trials, ARS was found to be more effective than rice in adults with cholera or other watery diarrhoea (Ramakrishna et al., 2000 . In well-nourished European children with acute non-cholera diarrhoea and with mild-tomoderate dehydration, a mixture of non-digestible carbohydrates was ineffective as an adjunct to oral rehydration therapy (Hoekstra et al., 2004) . Those results are different than our clinical study (Alam et al., 2009) . The discrepancies could be found in the differences in the colonic bacterial concentration and pattern; they may also be found in the treatment regimen of the patients, for example, electrolyte content of ORS, use of antibiotics, schedule and composition of feeding. In addition the study subjects are also different in this study. The antibiotics used in this study, for example, ampicillin, gentamicin and erythromycin, might have influenced the composition and number of colonic bacteria and SCFA production; however, we can not specify from this study. Whatever the influence that should be similar in all three treatment groups.
In conclusion, this study provides additional scientific basis to reinforce the use of Rice-ORS in children with cholera and severe malnutrition. It further suggests that simultaneous measurement of clinical outcome together with bacterial and SCFA concentrations (or in more general terms the metabolic function of the microbiota) may shed light on the long neglected function of the colonic microbiota in infection and nutritional disorders.
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